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Abstract
COSY has a history of highly successful operation of cooled beams and internal targets both with and without
polarization and as such it constitutes a unique facility for hadronic probes on a world-wide scale. Starting from
meson production and nucleon-nucleon scattering more and more experience in polarized beam/target manipulation
and polarimetry is gained. Extending polarization physics to antiprotons requires pre-studies at COSY to be continued
at the antiproton decelerator AD at CERN. As a long-term perspective, the search for electric dipole moments of the
proton, deuteron, and 3He in a dedicated storage ring could provide a new method to push the limits in the quest for
CP violation searches beyond the Standard Model.
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1. Introduction
The COoler SYnchrotron COSY is one of the large facilities operated at the research centre Ju¨lich. It provides
proton and deuteron beams of energies up to 2.8 and 2.3GeV, respectively, both for internal and external targets. At
internal target stations operate the forward spectrometer ANKE for charged particles, the neutral and charged particle
large acceptance detector WASA, and at the extracted beam the time-of-ﬂight facility TOF. A cyclotron provides 40
(20)MeV protons (deuterons) for injection into COSY (see Fig. 1).
The current physics program of COSY comprises (i) hadron spectroscopy, (ii) baryonic and baryon-meson interac-
tions, and (iii) symmetries and symmetry breaking. While (i) and (ii) make heavily use of the spin degree of freedom,
symmetry investigations (in hadronic reactions and eta-meson decays) up to now are performed without polarization;
it is planned, however, to measure the isospin-violating reaction dd → απ0 also with a polarized beam. In particular
precision studies of threshold meson production are being carried out, in line with the progress in eﬀective ﬁeld theo-
retical description of low-energy QCD at low energies. The data base of elastic nucleon-nucleon scattering has been
brought to a new level of quality. The current perspective is to make use of polarized stored beams in the cooler ring
to study fundamental symmetries, starting from what is available at COSY and expanding it into a precision facility
for spin physics.
2. Spin physics at COSY
As an example for a double-polarization measurement at COSY [1], the deuteron charge-exchange break-up reac-
tion dp → (pp)n has been studied at the ANKE target location in order to extract the basic spin-dependent two-body
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Figure 1: Floor plan of the Cooler storage ring COSY operated at the research centre in Ju¨lich.
scattering information. The main components of the Polarized Internal Target (PIT) are an Atomic Beam Source
(ABS), a Lamb-shift Polarimeter (LSP), and the target chamber hosting a Storage Cell (SC) together with the Silicon
Tracking Telescope (STT) system to detect slow spectator protons. A recent review on polarized internal gas target can
be found in Ref. [2]. Using the missing-mass technique for the measured single- and double-track events, it has been
shown that a very clean identiﬁcation of reactions like dp → dpspectatorπ0 is possible for both branches of quasi-free
np→ dπ0, dp→ (pp)n, and dp→ dp. Another focus now is to extract the energy dependence of the spin-dependent
np elastic amplitudes in order to enlarge also the SAID data base [3].
3. The polarized antiproton project PAX
The high physics potential of experiments with stored high-energy polarized antiprotons led to the PAX proposal
for the High Energy Storage Ring (HESR) of the FAIR facility [4]. It is proposed to polarize a stored antiproton
beam by spin ﬁltering with a polarized hydrogen (deuterium) gas target. The feasibility of spin ﬁltering has been
demonstrated in the FILTEX experiment at TSR (Heidelberg) in the early 1990s [5] but since then the theoretical
understanding, in particular the contribution of polarized electrons to the polarization buildup has been controversial.
In order to clarify this situation a dedicated experimental study with protons at COSY was carried out. In addition, the
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present knowledge of the spin dependence of the nucleon-antinucleon interaction is quite scarce, therefore dedicated
experiment using antiprotons (at AD/CERN) have to be performed.
For that purpose the former HERMES polarized atomic beam source was set up in Ju¨lich with a modiﬁed vacuum
system. It was completely refurbished to allow for a fast assembly and dis-assembly at COSY and AD (see Fig. 2).
In order to reach the required areal densities for spin ﬁltering, the use of an openable storage cell is mandatory. The
present cell design consists of 5 μm Teﬂon walls supported by an aluminum frame. These thin cell walls allow low
energy recoil particles to be detected by the surrounding Silicon Tracking Telescopes.
A ﬁrst set of measurements was carried out to study the controversal contribution to the polarization buildup by
polarized electrons during spin-ﬁltering. Signiﬁcant polarization build up of an initially unpolarized proton beam and
a pure electron polarized hydrogen target was discarded by the absence of depolarization of a polarized proton beam
in an unpolarized electron target, provided here by the beam of the COSY electron cooler [6].
Experiments exploiting the spin-ﬁlter method using a pure nuclear-polarized target, provided by the atomic beam
source of PIT are presently ongoing with a setup similar to the one which shall be used for the planned measurements
at AD/CERN [7] to study the spin-dependence in p¯p scattering in spin ﬁltering experiments with antiprotons.
Figure 2: Low-β section for the PAX experiments at COSY, with the beam moving from right to left. Shown in yellow are the existing COSY
quadrupole magnets that deﬁne the up and downstream boundaries of the low-β insertion. The magnets shown in blue are quadrupoles that have
been recuperated from the CELSIUS ring. The atomic beam source is mounted above the target chamber that houses the detector system and the
storage cell. Three sets of Helmholtz coils providing magnetic holding ﬁelds along x, y, and z are mounted on the edges of the target chamber
(brown). The Breit-Rabi target polarimeter and the target-gas analyzer are mounted outwards of the ring. Fast shutters are used on the target
chamber on all four main ports.
The aim of the experiments at the AD is to determine for the ﬁrst time the total spin-dependent p¯p (p¯d) cross
sections at antiproton beam energies in the range from 50 to 450 MeV. The data obtained are of interest by themselves
for the general theory of N¯N interactions since they will provide a ﬁrst experimental constraint of the spin-dependence
of the nucleon-antinucleon potential at energies above threshold. In addition, measurements of the antiproton polar-
ization buildup are required to deﬁne the optimum parameters of a future, dedicated Antiproton Polarizer Ring (APR),
intended to feed a double-polarized asymmetric p¯p collider with polarized antiprotons [4].
4. Ju¨lich EDM search with storage rings
Although extremely successful in many aspects, the Standard Model of Particle Physics is not capable to explain
the apparent matter-antimatter asymmetry of our universe, and thus fails to explain the basis of our existence, for it has
way too little CP-violation [8]. There are two strategies to hunt for physics beyond the Standard Model: one option
is to explore highest energies, as presently done, e.g., at the LHC. The other alternative is to perform experiments
of ultimate precision that employ novel methods. Permanent electric dipole moments (EDMs) violate both time
reversal and parity invariance and are therefore CP-violating. Searches for permanent electric dipole moments of
protons, deuterons and heavier nuclei provide highest sensitivity for the exploration of physics beyond the Standard
Model [9, 10, 11], thus possess an enormous physics potential. The reach in energy scale for ﬁnding new physics
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beyond the Standard Model is estimated to range up to 3000 TeV, way beyond that of the LHC [12]. In turn, these
searches are very challenging and require a long-term engagement (> 10 yr). An introduction to the ﬁeld and a recent
overview about the status of electric dipole moment searches can be found in Ref. [13, 14].
We are planning to search for EDM of the proton and other charged particles in a storage ring with a statistical
sensitivity of ≈ 2.5 × 10−29 e·cm per year, pushing the limits even further and with the potential of an actual particle-
EDM discovery. It is, however, essential to perform EDM measurements on diﬀerent targets with similar sensitivity in
order to unfold the underlying physics and to explain the baryogenesis. While neutron EDM experiments are pursued
at many diﬀerent locations worldwide (wherever neutrons are available), no such measurements are conducted yet for
the proton and other light nuclei.
4.1. Frozen spin concept in a new class of storage rings
EDM searches of charged hadrons have hitherto been impossible, because of the absence of the required new class
of storage rings. The new method proposed for these searches is based on the spin precession of magnetic and electric
dipole moments in external electric and magnetic ﬁelds [15]. Freezing the horizontal spin motion, i.e., forcing the
particles’ spin to always point along the direction of motion, cancels the (g − 2) precession [16]. For protons, this so-
called magic momentum can be achieved using a storage ring that contains only electric ﬁelds (no magnetic elements,




+ 1, where Gp = 1.792847 is the proton G-factor, resulting in a
proton beam momentum of 700.740 MeV/c (232.792MeV). The spins of vertically polarized protons injected into an
EDM ring can be rotated into the horizontal plane by turning on a solenoidal magnetic ﬁeld in a straight section of
the EDM ring and turning it oﬀ at the appropriate time. During a typical spin coherence time (SCT) of about 1000 s,
the build-up of a vertical polarization component in the beam indicates the signal for a ﬁnite EDM of the orbiting
particles.
COSY has a history of highly successful operation of cooled polarized beams and targets – in fact, COSY is a
unique facility for spin physics with hadronic probes on a world-wide scale. Many foreign groups have exploited
its capabilities, e.g., the Spin-at-COSY and the dEDM collaboration. Over the years, the accelerator group and the
two experimental institutes have acquired in-depth experience in polarized beam/target manipulation and polarimetry.
The IKP-COSY environment, including the theoretical group is thus ideally suited for a major (medium-sized) project
involving spin and storage rings as it will be required for the search for permanent electric dipole moments (EDM) of
charged fundamental particles (e.g., protons, deuterons, and other light nuclei).
The proposed new machine employs radial electric ﬁelds (and magnetic ﬁelds) to steer the particle beam, magnetic
or electric quadrupole magnets to form a strong focusing lattice (e.g., FODO), and internal polarimeters to probe the
particle spin state as a function of storage time. An RF-cavity and sextupole magnets will be used to prolong the
SCT of the beam. As already mentioned before, for protons, a storage ring with a highly uniform radial E-ﬁeld with
strength of ≈ 17MV/m between stainless steel plates 2 cm apart must be designed. The bending radius of such a
machine will be ≈ 25m, including the straight sections it will have a physical radius of ≈ 30m.
Table 1: Parameters for the transverse electric and magnetic ﬁelds required for an EDM storage rings of radius r = 30m.
Particle p E B
(GeV/c) (MV/m) (T)
Proton 0.701 16.798 0.000
Deuteron 1.000 −3.983 0.160
3He 1.285 17.158 −0.051
In Table 2, we give current and anticipated EDM bounds and sensitivities for nucleons, atoms, and the deuteron.
The last column provides a rough measure of their probing power relative to the neutron (dn). It should be noted that
the proposed proton and deuteron EDM measurements will be an order of magnitude more sensitive than the currently
planned neutron EDM experiments at SNS (Oak Ridge), ILL (Grenoble-France), and PSI (Villigen, Switzerland).
4.2. First step: A precursor experiment at COSY
All searches for nuclear EDMs that have been carried out up to now, have used nuclei that are part of an electrically
neutral atomic or molecular system. The current best limit for a proton EDM |dp| < 7.9× 10−25 e·cm is obtained using
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Table 2: Current EDM limits in units of [e·cm], and long-term goals for the neutron, 199Hg, 129Xe, proton, and deuteron, taken from Ref. [15].
Neutron equivalent values indicate the EDM value for the neutron to provide the same physics reach as the indicated system.
Particle Current Limit Goal dn equiv.
Neutron < 1.6 × 10−26 ≈ 10−28 10−28
199Hg < 3.1 × 10−29 10−29 10−26
129Xe < 6.0 × 10−27 ≈ 10−30 − 10−33 ≈ 10−26 − 10−29
Proton < 7.9 × 10−25 ≈ 10−29 10−29
Deuteron ≈ 10−29 3 × 10−29 − 5 × 10−31
199Hg, with a relative uncertainty of ≈30%.
As discussed in the previous section, direct measurement of nuclear EDMs of proton or deuteron aiming at sen-
sitivities of 10−29 e·cm (see Table 2) require a storage ring which incorporates electrostatic deﬂectors. A ﬁrst direct
measurement of an upper limit for the proton EDM using a normal magnetic storage ring like COSY, however, seems
feasible, and the concept of such a measurement is brieﬂy outlined below.
Figure 3: Concept of a proton EDM measurement using a Siberian snake in COSY. Top panel: using the snake, the spin closed orbit is aligned
along the direction of motion of the proton beam in the straight section opposite the snake. Middle panel: an electric RF E-ﬁeld perpendicular to
the ring plane in front and behind the snake rotates the stable spin axis by a small angle α away from the longitudinal direction. Bottom panel:
when in the next turn the RF E-ﬁelds are reversed, the spin closed orbit is rotated by an angle 2α, leading after n turns to a depolarization of the
beam, P(n) = P0 · cos(2α)n.
Making use of a Siberian snake in COSY yields a stable longitudinal spin closed orbit in a target section opposite
the snake (see Fig. 3, top panel). Using two RF E-ﬁeld systems in front and behind the snake (middle and bottom
panels) allow one to generate a certain degree of depolarization in the beam due to the torque M = dp × E, where
dp denotes the proton EDM. When the RF E-ﬁelds are reversed in polarity turn by turn, this torque leads to a small
change of the stable spin axes by an angle 2α, where α = ML · Δt, L = 12 is the proton angular momentum, and Δt
denotes the time interval the proton spends inside the electric ﬁeld region of length  = 0.5m. For Tp = 140MeV
and |E| = 1MV/m, Δt = 3.382 · 10−9 s, and under these conditions the angle is exceedingly small (α ≈ 10−7 rad), but
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the number of turns n in the machine can be made very large (n ≈ 5 · 1010), when electron cooling is applied. The
sensitivity of this approach is rather limited to values of dp ≈ 10−17 − 10−18 e·cm. Nevertheless, such a measurement
would constitute a ﬁrst direct measurement of an upper limit for the proton EDM, and valuable experience would be
gained in handling polarized beams for precision measurements.
5. Outlook: Long-term perspectives
A measurement of the EDM of the proton using a purely electrostatic storage ring has been approved by the
program advisory committee of Brookhaven National Laboratory (BNL) [15]. Together with the Storage Ring EDM
Collaboration, physicists of IKP in Ju¨lich and the neighboring universities (RWTH Aachen, University Bonn, and
others) are working on the development of a diﬀerent concept for a dedicated storage ring that allows for the study of
EDMs of proton, deuteron, and 3He in one and the same machine.
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